Three groups of hospitalized adolescents (schizophrenics, schizotypal personalities, and borderline personality adolescent adjustment reactions) with 10 subjects in each group were compared for their ability to identify masked and unmasked stimuli. Results revealed that the schizophrenic group required longer minimum exposure durations for criterion identification of unmasked stimuli than the other two groups (p < .01). Under conditions of visual backward masking, however, schizotypal personalities as well as schizophrenics showed a relative deficit. Results supported Heston's notion that schizophrenia spectrum disorders may be different degrees of expression of the same underlying defect. Previous results with visual backward masking in adults were also extended to adolescents. The findings were consistent with a slow information processing hypothesis for schizophrenia spectrum disorders. Theoretical implications of this hypothesis are discussed.
A number of recent investigations in psychopathology have relied heavily on information processing theory (e.g., Saccuzzo, Kerr, Marcus, & Brown, 1979) , which views human performance in terms of a series of stages or processes (Yates, 1966) . Information processing approaches to schizophrenia, for example, have attempted to isolate a stage of information processing defect that can account for a broad range of behavioral symptoms (Saccuzzo, 1977) . Although information processing studies of schizophrenia have often raised as many questions as they have answered (e.g., Knight & Sims-Knight, 1979) , programmatic investigations seem to be gradually narrowing down the number of viable interpretations of the empirical findings (Knight & SimsKnight, 1980) . Psychophysical procedures that evaluate an individual's response to one or more briefly exposed visual stimuli have shown considerable relevance in applications of information processing concepts to psychopathology (Saccuzzo, 1981) . Saccuzzo, Hirt, and Spencer (1974) , for example, found that the minimum interval between an informational test stimulus (TS) and a noninforRequests for reprints should be sent to Dennis P. Saccuzzo, Psychology Clinic, San Diego State University, San Diego, California 92182. mational backward masking stimulus necessary to achieve unmasked levels of performance easily discriminated schizophrenics from patient and nonpatient controls. Saccuzzo et al.'s (1974) finding of a masking deficit in schizophrenia has proven to be highly reliable, and it has been replicated in a number of subsequent investigations (Davidson, 1977; Freedman, 1977; Saccuzzo & Miller, 1977) . Most recently, Braff and Saccuzzo (in press) replicated the earlier findings of Saccuzzo et al. (1974) under rigorous conditions. The consistent finding of a masking deficit (i.e., that schizophrenics produce slower rising masking functions and/or require a longer interval between a test stimulus and a subsequently presented visual noise mask to reach unmasked levels of performance than nonschizophrenic controls) has supported the notion that schizophrenics are deficient in their speed of information processing (Braff & Saccuzzo, in press; Saccuzzo et al., 1974) .
In conjunction with findings that document a masking deficit in schizophrenia, Brody, Saccuzzo, and Braff (1980) and Saccuzzo and Braff (1981) have provided evidence that indicates that the inferred deficit in speed of information processing found in schizophrenic individuals is independent of input factors, such as those encompassed by 305 Neisser's (1967) concept of iconic storage. In both of these studies, Saccuzzo and his colleagues provided control of the initial level of input information and found, nevertheless, that schizophrenics required a longer interval between the test stimulus and mask in order to correctly identify the test stimulus. Experiments with visual masking have thus identified a posticonic defect in schizophrenia that is independent of possible preiconic or iconic storage deficits, a conclusion fully supported by recent studies not involving visual masking (Spaulding et al., 1980) . As Spaulding et al. noted, however, the precise nature of this posticonic deficiency in schizophrenia remains controversial.
The question concerning the precise nature of the posticonic defect in schizophrenia is intricately tied to the currently unresolved issue concerning the principles underlying the effects of a masking stimulus on the information processing capabilities of normal subjects (Langford & Saccuzzo, Note 1) . Like the controversy concerning the nature of posticonic deficits in schizophrenia, the controversy concerning the nature of the masking effect in normal individuals continues unabated (e.g., Breitmeyer, 1980; Carlson & Mayzner, 1977; Eriksen, 1980; Schultz & Eriksen, 1977) . Nevertheless, in the most recent review of the masking literature in normals, Felsten and Wasserman (1980) supported Saccuzzo et al.'s (1974) original rationale for employing the masking stimulus: namely, that a high energy visual noise mask that completely overlaps a test stimulus (TS) will "effectively limit the amount of time a previously presented stimulus is available for processing, regardless of how or why the mask operates" (1974, p. 513) . As Felsten and Wasserman (1980) put it, "[The masking stimulus] still can be used to control the duration and information content of the sensory signal representing the TS" (p. 350). If the mask indeed does control the duration of the sensory signal representing the TS, then the increased vulnerability to the masking stimulus (i.e., the masking deficit) found in schizophrenia would be consistent with abnormally slow information processing.
In addition to its relevance to theoretical issues in schizophrenia research, masking methodology may also have relevance to the practical problems of developing a reliable method for the early detection and assessment of schizophrenic pathology (Miller, Saccuzzo, & Braff, 1979) . In conjunction with the recent emphasis on information processing theory, the past decade has seen an increasing focus on efforts to locate sources of vulnerability or risk in the development of schizophrenia (e.g., Wynne, Cromwell, & Matthysse, 1978) . Zubin and Spring (1977) , for example, proposed a distinction between vulnerability to schizophrenia-a relatively permanent trait-and episodes of schizophrenia, which are waxing and waning states. Presumably, when endogenous and/ or exogenous factors surpass the threshold set by the individual's dispositional level of vulnerability, an active psychotic episode ensues. Thus, vulnerable individuals with relatively high thresholds may never show an actual floridly psychotic episode. Paralleling the distinction between vulnerability and episodes is the notion of a schizophrenia spectrum of disorders ranging from nonschizophrenic, schizophrenia-vulnerable individuals to those who have shown actual schizophrenic episodes (e.g., Heston, 1970; Kety, Rosenthal, Wender, & Schulsinger, 1968 , 1971 . Of considerable significance to the notion of a schizophrenia spectrum is a syndrome known as schizoid or schizotypal personality (Spitzer, Endicott, & Gibbon, 1979) . Schizotypal personalities are characterized by suspiciousness and inadequate rapport in face-to-face interaction. Although they do not show formal thought disorder, they often exhibit odd communication (e.g., speech that is digressive, vague, or metaphorical). Empirical findings have supported a possible genetic link between the schizotypal personality and schizophrenia (Heston, 1966 (Heston, ,1970 Kety etal., 1968 Kety etal., ,1971 Wender, Rosenthal, Kety, Schulsinger, & Welner, 1974) .
Consistent with the notion of vulnerability to schizophrenia, Erlenmeyer-Kimling (1976) and Asarnow, Steffy, MacCrimmon, and Cleghorn (1977) found evidence that was consistent with abnormally slow processing in nondisturbed children "at risk" for schizophrenia. These findings were further supported in a backward masking study that showed that like schizophrenics, college students who had been diagnosed as "schizotypic personalities" based on MMPI profiles showed an increased vulnerability to a masking stimulus and hence evidenced slow processing (Steronko & Woods, 1978) . These findings with individuals at risk for schizophrenia suggest the possibility that slow processing may be a relatively stable characteristic of individuals who fall within the schizophrenia spectrum, a conclusion supported by Asarnow and MacCrimmon (1978) and Miller et al. (1979) , who found evidence in support of slow processing in remitted schizophrenics. Vulnerability to the mask, and hence slow processing, may thus be a characteristic that precedes (Steronko & Woods, 1978) , co-exists with (Saccuzzo et al., 1974) , and follows (Miller et al., 1979) active schizophrenic pathology. If so, then slow processing may be a causative factor in the development of the thought disorder characteristic of schizophrenic individuals.
The present study was conducted with several goals in mind. We wanted to provide additional support for the relationship between vulnerability to a masking stimulus and the schizophrenia spectrum. Such support would strengthen the hypothesis that vulnerability to a masking stimulus may be a marker or indicator of vulnerability to schizophrenia. If we could confirm Steronko and Woods's (1978) findings, then the evidence in support of the masking stimulus as a psychophysical marker or indicator of vulnerability to schizophrenia would be strengthened. Furthermore, in using masking methodology, our findings would relate to the slow processing hypothesis and hence the controversy concerning the nature of posticonic defects in schizophrenia. Finally, in using adolescents, all of whom had been hospitalized for the first time, we could study schizophrenia independently of its secondary effects (e.g., effects of long-term illness, long-term medication, long-term or repeated hospitalizations, etc.).
Method Subjects
Subjects were selected from a 110-bed private, acute care psychiatric hospital. Only adolescents aged 13 to 18 years were included in the present analysis. All of these adolescents were in the low middle class or higher in terms of socioeconomic status. Subjects were very carefully selected over an 18-month period. Individuals with a previous psychiatric hospitalization were not included. Individuals with evidence of brain damage or mental retardation were also excluded. Each subject was given a standard eye examination to rule out visual side effects due to anticholinergic medication. In addition, subjects who were astigmatic, wore contact lenses, or whose vision was not corrected to at least 20/30 were excluded from the study. All subjects were tested during the initial phase of their hospitalization, usually as soon as their history, presenting symptoms, and hospital behavior confirmed that they met the selection criteria. For most subjects testing was completed within the first 2 weeks of hospitalization. A few subjects, who either initially refused to be tested or whose severity of disturbance precluded testing, were tested in the 3rd or 4th week of their hospitalization. In no case was a subject tested after the 1st month of hospitalization. The experiment was designed to include five males and five females in each group. Since we were not certain that we could meet this requirement within a reasonable time span, we tested all subjects who met our criteria during the 18-month duration of the study. Where more than five males or females were tested for any given group, subjects were selected at random for inclusion in the data analysis. For all three groups the goal of five males and five females was reached.
Ten adolescents (M age = 15.5 years, SD = 1.58) were selected in accordance with the criteria listed in Spitzer, Endicott, and Robins's (1977) Research Diagnostic Criteria (RDC) for a diagnosis of definite schizophrenia. These subjects also met the criteria listed by Feighner et al. (1972) for a definite diagnosis of schizophrenia. All schizophrenics were of the process, or poor prognostic, variety, similar to the poor-prognosis adult schizophrenics studied by Saccuzzo and Braff (1981) . Our schizophrenic sample consisted of the early onset, process schizophrenic individual similar to the "Dementia Praecox" schizophrenic individual described by Kraepelin (1919) . These subjects are frequently described as chronic schizophrenics, although many clinicians are resistant to apply the term chronic to adolescent patients. In all cases the patient diagnosis was consistent with hospital behavior and discharge summaries. Our second group consisted of 10 adolescents (M age = 15.10 years, SD = 1.91) who met Spitzer et al's. (1977) criteria for a schizotypal personality. Again, the validity of our diagnostic criteria was confirmed by hospital behavior and discharge summaries. As a control group we selected 10 adolescents (M age = 14.70 years, SD = .67) whose chart diagnosis consisted of "adolescent adjustment reaction" and who also met Spitzer et al's. (1977) criteria for a borderline personality disorder. This last group provided a homogeneous nonschizophrenia-spectrum control.
Single classification analysis of variance indicated no statistically significant age differences among the groups (p > .05). The groups also did not differ significantly (p > .05) in intelligence as evaluated by their scaled scores on the Vocabulary scale of the Wechsler Adult Intelligence Scale (Wechsler, 1955) . Mean scaled scores on Vocabulary were 8.50 (SD = 2.95), 9.00 (SD = 1.80), and 9.78 (SD = 1.86) for schizophrenics, schizotypes, and adjustment reactions, respectively. Two of the schizophrenics, two of the schizotypes, and five of the borderline personality adjustment reactions were unmedicated at the time of testing.
Apparatus and Stimuli
Test stimuli were randomly presented in an Iconix (Model 6137) four-field tachistoscope at a viewing distance of 83.9 cm. The test stimuli consisted of black paratype (PF 16-18.K) capital 7s and As that subtended a visual angle of .18° when presented in the center of Field 2 of the tachistoscope. A superimposing pattern mask, presented in Field 3, was constructed by mounting four paratype Ws side by side and above and below each other.' A small black paratype dot formed a fixation point in the center of Field 1. Stimulus and masking fields had a luminance of 15 footlamberts (51.39 cd/ m~2). Luminance of the fixation field was set at .635 footlamberts (2.07 cd/m~2).
Procedure
After they provided written informed consent, subjects were taken to a dimly lit experimental room where they were allowed to dark adapt for 5 min. while a standard set of instructions were read (see Saccuzzo et al., 1974) . To ensure that subjects were attending to the task, the experimenter preceded the presentation of each stimulus card with the statement, "Ready, look." In Phase 1 of the experiment, the minimum exposure duration for criterion identification of the test stimuli without a mask, the critical stimulus duration (CSD) was calculated four times for each subject with 5 min. rest periods between trials. The procedure employed by Saccuzzo et al. (1979) was used in determining CSDs. The stimulus duration was initially set at 1.0 msec and increased in increments of 1.0 msec for each incorrect response until the subject reached the criterion of seven consecutive correct identifications. Subjects were given feedback on their performance.
During the second phase of the experiment, backward masking functions were obtained under two conditions of stimulus duration (4 msec and 6 msec) and five levels of stimulus onset asynchrony (SOA). The stimulus durations and SOA levels were based on extensive pilot work. The five SOA levels consisted of 20-, 40-, 80-, 160-, and 320-msec intervals between the onset of the test stimulus and onset of the mask. Duration of the masking stimulus remained constant at 100 msec. SOA levels were presented in ascending order with 14 consecutive trials at each SOA level. Presentation of the 4-and 6-msec conditions was counterbalanced. Stimuli were viewed binocularly throughout the experiment.
Results
Males and females were compared both in terms of their CSDs and in terms of the total number of correct identifications of the stimulus during the masking experiment. No significant sex differences were found for either dependent measure (p >. 05).
CSD performance was subsequently evaluated in a 3 (group) X 4 (trials) repeated measures analysis with repeated measures on trials. Significant were the main effects for group, F(2, 27) = 5.77, p<.0l, and trials, F(3, 81) = 2.98, p < .05. NewmanKeuls procedure for paired comparisons (Winer, 1962) revealed that schizophrenics obtained significantly (p < .01) longer CSDs (M =8.12 msec) than either the schizotypal personalities (M = 4.5 msec) or the controls (M = 3.7 msec), whose mean performance did not differ significantly (p > .05). The trials effect was primarily due to a relatively large overall decrease in the CSD between Trials 1 and 2 (p < .01).
The numbers of correct responses at each SOA level were evaluated in a 3 (group) X 2 (stimulus duration) X 5 (SOA) repeated measures analysis. Significant were the main effects for group, F(2, 27) = 13.55, /x.OOl; stimulus duration, F(l, 27) = 19.54, p< .001; and SOA, F(4, 108) = 43.80, p < .001. Also significant were the Group X Stimulus Duration, F(2, 27) = 3.98, /?<.05, and Group X SOA, F(8, 108) = 2.14, p < .05, interactions. NewmanKeuls analysis of the main effects revealed that schizophrenics had significantly fewer correct responses than schizotypes, who in turn had significantly fewer correct responses than the controls (p < .01). There were significantly more correct responses in the 6-msec stimulus duration condition than in the 4-msec condition (p < .01). There was also the typical finding that as the interval between presentation of the test stimulus and presentation of the mask increased, so did performance. Thus, there were more correct responses in the 160-and 320-msec SOA intervals than in all other intervals and more correct responses in the 80-msec interval than in the 40-or 20-msec SOA intervals (/><.01). Table 1 provides the means and standard deviations for the groups as a function of stimulus duration and SOA. Newman-Keuls analysis indicated that the Group X Stimulus Duration interaction occurred due to a significantly (p < .01) greater difference in the 1 w ww w. mean number of correct responses (summed over five SO As) in the schizophrenics (9.3) compared to the difference shown by schizotypal personalities (2.3) and adjustment reactions (3.1) between the 4-and 6-msec conditions. As Figure 1 suggests, the Group X SOA interaction was due to a faster rising masking function in the adjustment reactions compared to the schizotypes. The schizotypes, in turn, had a faster rising masking function than the schizophrenics. Inspection of Table 1 , furthermore, indicates the adjustment reactions exceeded the schizotypes at the higher SOA levels in the 4-msec condition and at all SOA levels but the 320 in the 6-msec condition. Correlational analysis (Pearson's r), however, revealed no significant relationship between medication and performance for any of the groups (p > .05).
Discussion
Previous results that have documented a masking deficit in actively schizophrenic individuals, remitted schizophrenic individuals, and MMPI-diagnosed schizotypal personalities have now been extended to inpatient adolescent schizophrenics as well as adolescent schizotypal personalities as defined by the RDC and Feighner et al. (1972) criteria. Of particular significance is the finding that like schizophrenics, schizotypal personalities can be distinguished from matched nonschizophrenic (nonschizophrenia spectrum) psychiatric inpatient controls when visual masking methodology is employed. The schizotypes, in turn, can be distinguished from the schizophrenics, with the data suggesting a more pronounced vulnerability to the masking stimulus in the schizophrenics. The main effects for group as well as the Group X SOA interaction suggested a continuum between schizophrenic, schizotypal, and control performance. This continuum is consistent with the notion of a schizophrenia spectrum in which individuals within the spectrum can be distinguished from nonschizophrenia spectrum controls on the basis of performance on a psychophysical task. Previous links between schizophrenia and the schizotypal personality were based on demographic and family characteristics (Heston, 1970) . Our findings, however, support Heston's notion that schizophrenia spectrum disorders may be different degrees of expression of the same underlying defect. In providing further documentation of a masking deficit in the schizotypal personality, the data also add support to Steronko and Woods's (1978) conclusion that the masking procedure may be measuring, either directly or indirectly, a relatively enduring characteristic or process (i.e., trait) of schizophrenic and schizophrenia-vulnerable individuals.
If we have measured a characteristic of the schizophrenia spectrum, then we must concern ourselves with the nature of this characteristic. Based on our evaluation of the masking literature concerning the effects of the mask, we believe that slow information processing, or more specifically a slow posticonic rate of information transfer, is a primary defect of the poor-prognostic schizophrenic and genetically linked schi/otypal personality. Theoretically, individuals who fit into these categories inherit a tendency to process information more slowly than non-schizophrenia-spectrum individuals. Just how slow processing might be a primary factor in the development of schizophrenic symptoms has already been discussed by Yates (1966) . Simply stated, with a slowing down of information transfer in posticonic stages of processing, the nature and quality of information that reaches the higher brain centers becomes altered. As a result, the individual not only loses critical information but also fails to perceive as others do.
As with our previous results with visual masking, present results support Yates's (1966) slow-processing hypothesis. The finding of a masking deficit in first-time hospitalized adolescent schizophrenics indicates that the masking deficit in schizophrenia cannot be attributed to the long-term effects of schizophrenic pathology (e.g., institutionalization, long-term effects of medication, and social isolation). Our use of a forcedchoice single letter detection task, furthermore, requires minimal response organization. In previous studies (Saccuzzo & Braff, 1981) we have subjected the data to signal detection analysis, which permits an analysis of d', a measure of visual sensitivity purportedly insensitive to motivational factors that affect response criteria (e.g., caution or other nonsensory variables that influence judgments), and beta, a measure of response bias (see Green & Swets, 1966) . Results with d' paralleled those that were obtained when the number of correct detections served as the dependent measure, and we have never found evidence of response bias in our data. If low motivation were to account for the findings, then the increases we found in schizophrenic and schizotypal performance as the stimulus duration and SOA increased are difficult to explain. Low motivation would tend to produce relatively flat masking functions. Saccuzzo and Braff (1981) , furthermore, found that while poor-prognostic schizophrenics did not differ from a variety of control groups in a forward masking task, a measure of preiconic or iconic processing, they did differ from all other groups when a backward mask was used, as in the present study. Thus, where many alternative hypotheses can be eliminated, interpretations in terms of slow processing in schizophrenia are strongly supported.
The conditions under which our data were collected precluded control of the medication variable. As in previous studies, medication failed to correlate significantly with performance. Whereas the failure to find a signif-• icant correlation does not rule out a possible role for medication, Brody et al.'s (1980) results actually indicated that medication enhanced speed of processing. We conclude that it is unlikely that medication effects can account for the slow processing evidenced by schizophrenics and schizotypal personalities in the present study. Our interpretation of the data in terms of slow processing would suggest a link between a masking deficit, slow processing, and thought disorder symptoms. The empirical data do support such a link. First, Saccuzzo and Braff (1981) found that vulnerability to a masking stimulus covaried with the presence of schizophrenic symptoms in goodprognostic schizophrenics. These good prognostics showed a masking deficit only during the actively symptomatic phase of their disorder. As their clinical condition improved, so did performance. Second, thought disorder is not unique to schizophrenia (Harrow & Quinlan, 1977) . Saccuzzo and Braff (1980) , for example, showed that elderly patients, who are known to have a masking deficit when compared to young controls (Kline & Szafran, 1975) , showed evidence of thought disorder as measured by Chapman's associative intrusion task (Rattan & Chapman, 1973) . Similarly, Sprock, Braff, Saccuzzo, and Wolfe (Note 2) have shown that depressed individuals who manifested a masking deficit when compared to nondepressed controls also showed a variety of schizophreniclike thought dysfunctions on measures of concept formation and the tendency to respond to associative intrusions. In brief, the evidence indicates a direct relationship between vulnerability to a masking stimulus, processing speed, and degree, or severity, of thought disorder.
Finally, the impaired CSD performance in the schizophrenics is noteworthy. Whereas schizophrenics have consistently evidenced a masking deficit in all relevant published studies to date, the CSD deficit seems to be restricted to chronic schizophrenics (Saccuzzo et al., 1974) , schizophrenics with a poor prognosis (Saccuzzo & Braff, 1981) , and Feighner et al. (1972) diagnosed schizophrenics of the present study, who also fall into the poor-prognosis category. The CSD deficit does not seem to occur consistently in reactive (acute) schizophrenics with a good prognosis (Saccuzzo & Braff, 1981) . Thus, unlike the masking deficit, the CSD deficit appears to occur in particular subgroups of schizophrenics. Based on the available literature and our direct comparison of the response to a mask in schizophrenics and the elderly (Brody et al., 1980) , we tentatively conclude that the CSD deficit is peripheral in nature (e.g., preiconic or iconic). Thus, poor-prognostic schizophrenics may be suffering from multiple deficits, including a preiconic or iconic deficiency and an independent posticonic deficiency involving slow or inefficient information transfer (Braff & Saccuzzo, in press ).
